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LaparoscopyAbstract Objectives: To determine whether three-dimensional (3D) ultrasound can replace com-
bined hysteroscopic–laparoscopic role in differentiating bicornuate, septate and arcuate uterus.
Patient(s): Seventy-two patients with history of infertility, recurrent abortions or preterm labor
with hysterosalpingographic and/or two dimensional ultrasound diagnosis of double uterine cavity
anomaly were included in this study.
Intervention(s): Three-dimensional ultrasound (3D US) was done to all patients. Laparoscopy was
done to differentiate bicornuate, septate and arcuate uterine anomalies. Simultaneous hysteroscopic
metroplasty was done in patients with septate uteri.
Results: There was absolute concordance between 3D ultrasound and combined laparoscopic and
hysteroscopic gold-standard in differentiation between bicornuate, septate and arcuate uteri in all
our seventy two patients.
Conclusion(s): 3D US can differentiate septate, bicornuate and arcuate uteri and can eliminate the
need for invasive laparoscopic diagnosis of these uterine anomalies.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine. Open access under CC BY-NC-ND license.1. Introduction
Uterine malformations make up a heterogeneous group of
congenital anomalies that can result from the underdevelop-
ment of the mullerian duct disorders in their fusion and/or
alterations in septum resorption. They are estimated to occur
in 0.4% (0.1–3%) of the general population (1,2) in 13.3%
Fig. 2 (a) Three-dimensional surface rendered ultrasound image
(coronal view) showing the normal outer uterine contour of a
uterus that was identiﬁed as arcuate (rather than partial septate)
because the fundal indentation appeared as an obtuse angle at the
central point (14), <1.5 cm deep15. (b) A partial septate uterus
characterized by a normal outer uterine contour, which could be
differentiated from arcuate uterus because the fundal indentation
was an acute angle at the central point, >1.5 cm deep.
556 A.M. El Huseiny et al.of infertile patients (3) and between 3% and 38% in patients
with repeated spontaneous miscarriages (4–7).
Congenital uterine anomalies are associated with adverse
reproductive outcomes. The septate uterus is the most com-
mon mu¨llerian anomaly, the one associated with the worst
reproductive outcome, and the one most amenable to hystero-
scopic correction. High rates of ﬁrst trimester (25%) and sec-
ond trimester (6%) losses have been described (5,8,9).
An accurate preoperative diagnosis of septate or bicornuate
uterus should be conﬁrmed before hysteroscopic septoplasty to
avoid inadvertent fundal perforation of the indented central
segment of the bicornuate uterus. If this diagnosis is not con-
ﬁrmed by preoperative imaging studies, laparoscopic guidance
is suggested (10).
The conventional methods for the assessment of uterine
morphology are hysterosalpingography, hysteroscopy and
laparoscopy (11). Hysteroscopy remains the standard for
evaluation of intracavitary abnormalities. Unfortunately,
hysteroscopy does not allow evaluation of the external uterine
contour, and thus a ﬁrm diagnosis of septate versus bicornuate
uterus cannot be established simply by hysteroscopy alone (12).
Laparoscopy remains the gold standard for evaluation of
the external uterine surface. A broad, un-notched fundus is
typical of the septate uterus, whereas the image of two clearly
separated uterine horns with fundal indentation is a deﬁnite
indication of the bicornuate uterus. In some cases of septate
uterus, it may be possible to see, in the median area of the sero-
sal surface of the uterine fundus, a whitish triangle of tissue
that is the septum itself (13). However, laparoscopy is an inva-
sive procedure that needs anesthesia.
Most recently, three-dimensional ultrasound has been sug-
gested as an improved tool for accessing mullerian abnormal-
ities with a reported 91.6% correlation with laparoscopic
ﬁndings (16). However, other studies are less compelling
regarding three-dimensional ultrasound in adding information
above and beyond that noted with standard two-dimensional
imaging (17).
This study is aimed to determine whether three-dimensional
(3D) ultrasound can differentiate between septate, bicornuate
and arcute uteri accurately and so we can depend on its diag-
nosis solely without further need for conﬁrmatory laparo-
scopic diagnosis.Fig. 1 Three-dimensional ultrasound showing the formula propose
horns of the uterine cavity. If this line crossed the fundus or was 65 m
>5 mm from the fundus it was considered septate, regardless of wheth2. Methods
This study was conducted in Ultrasonographic Unit, Obstet-
rics and Gynecology Department, and Cytogenetic Unit –
Zagazig University hospital, Egypt, during the period from
February 2006 to January 2012. It included 72 patients with
suspected diagnosis of double uterine cavity either by conven-
tional hysterosalpingography (HSG), diagnostic hysteroscopy
or two-dimensional ultrasound (trans-abdominal or trans-vag-
inal) during their evaluation for infertility, repeated miscar-
riages and preterm birth problems.
Initially, three-dimensional Ultrasound (3D US) was done
to all patients. Examinations were performed using Voluson
730 Pro V (GE Medical Systems, Zipf, Austria) ultrasound
machine. All examinations were performed with real time 4D
Endocavitary probe RIC 4–9 MHz.
We started with visualization of the uterus on 2D ultrasound
in a strict mid-sagittal view, adjusting the capture window tod by Troiano and McCarthy (13): a line was traced joining both
m from it, the uterus was considered bicornuate (a and b); if it was
er the fundus was dome-shaped (c), smooth or discretely notched.
Fig. 3 Hysteroscopic image showing broad, unnotched fundus,
typical of the septate uterus.
Fig. 4 Hysteroscopic image of two clearly separated uterine
horns with fundal indentation is a deﬁnite indication of the
bicornuate uterus.
Fig. 5 Three-dimensional surface rendered ultrasound image
(coronal view) showing the normal outer uterine contour of a
uterus that was identiﬁed as arcuate because the fundal indenta-
tion appeared as an obtuse angle at the central point <1.5 cm
deep15.
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using a sweep angle of 90 from one side of the uterus to the
other, bisecting the capture plane. In cases with anomalies
resulting in a large transverse uterine diameter, the volume
was obtained from a transverse plane so that both uterine horns
could be visualized, in order to allow better estimation of the
cavity/fundus relationship in the 3D reconstruction.
The volumes were manipulated until a satisfactory surface
rendered image was obtained of the fundus and uterine cavity
as well as the cervical canal. When a mid-sagittal plane was
used to capture the volume, we adjusted the rendering box in
Window A (capture image) to include the uterine fundus and
adjusted the green rendering line (from front to back) so that
the line was located on the endometrium. When studying theTable 1 Concordance between three-dimensional (3D) ultrasound
Laparoscopy 3D ultrasonography
Arcuate uterus Septate
Incomplet
No fundal depression 10 30
Slight depression 5 15
Completely separated uterine horns – –cervix we readjusted the rendering box and the green line.
When the volume was obtained in a transverse plane, we in-
cluded both uterine horns in the rendering box.
To distinguish bicornuate uteri from septate uteri with
three-dimensional ultrasound we used the formula proposed
by Troiano and McCarthy (13): a line was traced joining both
horns of the uterine cavity. If this line crossed the fundus
(Fig 1a) or was 65 mm from it (Fig 1b), the uterus was
considered bicornuate; if it was >5 mm from the fundus
(Fig 1c) it was considered septate, regardless of whether the
fundus was dome-shaped, smooth or discretely notched.
To distinguish septate from arcuate uterus while both types
of uterus have a normal contour, in arcuate uterus the fundal
indentation appears as an obtuse angle at the central point
(14), with a depth of up to 1.5 cm (15), while septate uterus
has an acute angle fundal indentation, and the depth of
1.5 cm or more (Fig 2).
The ﬁnal diagnosis of the uterine anomaly was established
or excluded on the basis of hysteroscopy and laparoscopy
(considered the gold standard for diagnosis). Diagnostic lapa-
roscopy, under general anesthesia, was then done 2–3 days
postmenstrual for all cases with simultaneous hysteroscopic
septoplasty of cases with septate uteri. A broad, unnotched
fundus is typical of the septate uterus (Fig 3), whereas the im-
age of two clearly separated uterine horns with fundal indenta-
tion is a deﬁnite indication of the bicornuate uterus (Fig 4).diagnosis and laparoscopy.
Bicornuate
e septum Complete septum One cervix Two cervices
2 – –
3 – –
– 5 2
Fig. 6 Three-dimensional surface rendered ultrasound image
(coronal view) showing a case of arcuate uterus.
Fig. 7 Three-dimensional surface rendered ultrasound image
(coronal view) showing bicornuate uterus (a line was traced
joining both horns of the uterine cavity and was 5 mm from the
fundus).
Fig. 8 Three-dimensional surface rendered ultrasound image
(coronal view) showing another case of bicornuate uterus.
Fig. 9 Three-dimensional surface rendered ultrasound image
(coronal view) showing complete septate uterus (a line was traced
joining both horns of the uterine cavity and was 53 mm from the
fundus).
Fig. 10 Three-dimensional surface rendered ultrasound image
(coronal view) showing incomplete septate uterus (a line was
traced joining both horns of the uterine cavity and was 86 mm
from the fundus).
558 A.M. El Huseiny et al.We, then, analyzed the diagnostic concordance between 3D
US and gold standard laparoscopy in differentiating bicornu-
ate, septate and arcuate uteri.
3. Results
The mean age of patients was 31 years (range, 18–37 years).
Infertility was the presenting complaint in 49 patients
(68.06%). Sixteen patients (22.22%) were referred with a his-
tory of repeated abortions and seven patients (9.72%) with
preterm labor.
All 3 of the uterine abnormalities (arcuate, septate, and
bicornuate uterus) studied were most often correctly identiﬁed
with 3D ultrasound (Table 1), which showed perfect diagnostic
accuracy (3D US accuracy 100.0%) and sensitivity (3D US
sensitivity 100.0%) in the general detection of uterine abnor-
malities, compared with the gold standard laparoscopy hyster-
oscopy. Representative cases are shown in (Figs. 5–12).
Fig. 11 Three-dimensional surface rendered ultrasound image
(coronal view) showing another case of incomplete septate uterus.
Fig. 12 Three-dimensional surface rendered ultrasound image
(coronal view) showing a case of incomplete septate uterus (a line
was traced joining both horns of the uterine cavity and was
123 mm from the fundus).
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Investigations that provide information on the outline of the
uterine cavity alone (i.e., HSG, hysteroscopy and possible
2D US and Sonohysterography) can detect a double uterine
cavity anomaly. However, to differentiate between septate
and bicornuate uteri, assessment of the external fundal contour
is necessary. Laparoscopy remains the most reliable method
for assessing the serosal surface of the uterus.
Multiple studies have compared 3D sonography to other
imaging modalities and surgical ﬁndings, and the studies have
shown that 3D sonography is better than 2D sonography
(18,19) hysterosalpingography (20,21), hysteroscopy (22,23),
and equivalent to MRI in diagnostic accuracy for mullerian
anomalies (18,22,24). But what about its accuracy and can it
replace MRI (expensive and time consuming) and hysteros-
copy laparoscopy (invasive, time consuming and surgical and
anesthetic morbidity and mortality) so it leads to decrease
the cost, time, morbidity and mortality. In addition this canlead to hysteroscopic metroplasty (in cases of septate uterus)
without the need for laparoscopy either in the diagnosis or
during treatment.
This study included a selected group of patients suffering
from infertility, repeated abortions or preterm labor with a
preliminary diagnosis of double uterine cavity after a 2D-
TVS and/or hysterosalpingography examination.
This study aimed to detect the degree of diagnostic accu-
racy of 3D ultrasound in differentiation between septate bicor-
nuate and arcute uteri in comparison with the gold standard
diagnostic hysteroscopy laparoscopy examination.
Our study revealed that 3D US (with evaluation of the
coronal plane of the uterine cavity) was able to differentiate
between septate, bicornuate and arcuate anomalies in all cases
of double uterine cavity abnormality. Absolute concordance
rate was recorded between 3D US and the gold standard lap-
aroscopic and hysteroscopic evaluation. One hundred percent
of sensitivity and speciﬁcity of 3D US in differentiating sep-
tate, bicornuate and arcuate uterine anomalies was reported
in our study.
The results of this study allow for performing hysteroscopic
septoplasty without the need for laparoscopic conﬁrmation of
septal diagnosis before the procedure. Thus, depending solely
on 3D US, hysteroscopic septoplasty can be done safely with-
out need for invasive laparoscopic conﬁrmation.
Additionally, 3D ultrasound enables us to make measure-
ments such as the length, thickness and vascularity of the sep-
tum and thus allowing prediction of the degree of difﬁculty
that will be met during hysteroscopic septoplasty.
According to this and after the 3D sonography replaces and
eliminates the need for invasive surgical procedures (hysteros-
copy laparoscopy) the question is can 3D sonography (cost
and need experience) replace hysterosalpingography and 2D
sonography as screening tool for detection of mullerian anom-
alies especially in selected groups of patients (those with infer-
tility, repeated abortions and/or preterm labor).5. Conclusions
There is an absolute degree of concordance between 3D ultra-
sound and laparoscopy in differentiating septate, bicornuate
and arcuate uterine anomalies and hysteroscopic septoplasty
(in cases of septate uterus) can be done safely without need
for laparoscopic conﬁrmation or guidance.Conﬂict of interest
The authors declare that there are no conﬂicts of interest.
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